Three new species of Achrysocharoides are described, one from northern Europe, A. platanoidae sp. nov., one from central Europe and the U.S.A., A. robiniae sp. nov., and one from the U.S.A., A. robinicolus sp. nov. The descriptions are based on material reared from microlepidopterans of the genus Phyllonorycter Hübner (Gracillariidae): A. platanoidae from P. platanoidella (Joannis) on Acer platanoides, and A. robiniae and A. robinicolus from P. robiniella (Clemens) on Robinia pseudoacacia (black locust). The new species are very similar to previously described species, A. platanoidae to A. acerianus (Askew), and A. robiniae and A. robinicolus to A. gahani (Miller), but they are shown here to differ from their sibling species both in biology and in external morphology. The host of A. robiniae and A. robinicolus, P. robiniella, is a serious pest on the black locust tree in Europe, and the descriptions with diagnoses of these two species, and their scientific names, introduced here will aid the biological control efforts of this pest.
Introduction
Achrysocharoides Girault (Chalcidoidea: Eulophidae: Entedoninae) was originally described based on an Australian species (Girault 1913a) but its main distribution is now known to be the northern hemisphere (Bouček & Askew 1968; Burks 1979; Kamijo 1990a Kamijo , 1990b Kamijo , 1991 . Worldwide, Achrysocharoides comprises 54 described species. Including the new species described here, 22 species are now known from Europe and 20 from North America.
Species of Achrysocharoides are unusually host specific. Most species of Entedoninae are polyphagous with broad host ranges (Askew & Shaw 1979; Hansson 1985) , but Achrysocharoides species select their hosts among a very limited number of host species. They are larval endoparasitoids of leaf mining moths of the family Gracillariidae (Lepidoptera), mainly of species in Phyllonorycter Hübner (Askew & Ruse 1974) . Apart from choosing their hosts from a very narrow range of moth species, the hosts are usually selected from only a few and related plant genera (Lopez-Vaamonde et al. 2005) .
Two of the Achrysocharoides species described here are parasitoids of Phyllonorycter robiniella (Clemens), a small moth native to North America that is monophagous on black locust, Robinia pseudoacacia (Šefrov 2002) . The black locust is a legume tree native to central and eastern U.S.A. (Mabberley 1997 ) that was introduced into most European countries (Polunin 1969) . The introductions started in the beginning of the 17 th century (Stojanović & Marković 2005) and the tree was introduced as an ornamental, for its resistant wood and fragrant flowers (used for honey and perfumery) (Polunin 1969) . It is an economically important plant especially in central Europe (Melika et al. 2006) . Since its introduction in Europe this tree has been considered free from serious pests. However, in 1983 P. robiniella was discovered in Switzerland (Whitebread 1990 ) and since then it has spread rapidly through most of Europe (Šefrová 2002) . The moth larva constructs a blotch mine in the leaf and several larvae can be present in one leaf (Stojanović & Marković 2005) , causing considerable damage that can cause premature leaf-fall. Because of the economic importance of black locust several investigations have been carried out to find natural enemies of P. robiniella. Lists of parasitoid complexes of the moth have been published from Hungary (Melika et al. 2006) , Serbia (Stojanović & Marković 2005) , and Switzerland (Girardoz et al. 2007 ). All these investigations have included Achrysocharoides species among the parasitoids on P. robiniella, and in one investigation (Melika et al. 2006) this genus was reported as dominant.
Material and methods
The majority of the specimens of Achrysocharoides from Acer spp. accounted for in this paper were collected in southern Sweden during the summer of 2007. Leaves with mines of Phyllonorycter spp. were collected from Acer platanoides and A. pseudoplatanus and processed in the lab. The areas of the leaves with mines were cut out from the leaf to prevent mold from forming, and thereafter were kept in polythene bags. When the imagines emerged from the mine they were killed and kept in 80% ethanol. The specimens were later dried using a critical point drier and mounted on cardboard rectangles as described by Noyes (1982) . All imagines from Acer emerged during the summer they were collected. All material of Achrysocharoides from P. robiniella was borrowed from the collections listed below.
The SEM photos were made from uncoated specimens on their original cardboard mounting. This was possible to do in low vacuum mode on a JEOL JSM 5600LV SEM microscope. The colour photos were taken through a Nikon SMZ 1000 microscope with Nikon camera equipment DS-L1 & DS-5M. Each photo was made by merging several photos taken at different focus levels using the software Helicon Focus version 4.75.5 Pro.
The ratios are calculated based on measures from the holotype, and from a paratype with same label data as the holotype for the other sex.
The terminology used here follows Gibson et al. (1997) .
Morphological abbreviations and acronyms HE = height of eye; HW = height of forewing; LG = length of gaster; LM = length of marginal vein; LW = length of forewing, measured from base of marginal vein to apex of wing; MM = length of mesosoma; MS = malar space; OOL = distance between one posterior ocellus and eye; PM = length of postmarginal vein; POL = distance between posterior ocelli; POO = distance between posterior ocelli and occipital margin; ST = length of stigmal vein; WH = width of head; WM = width of mouth; WT = width of thorax. For illustrations of the morphological terms see www.neotropicaleulophidae.com. BMNH = Natural History Museum, London, England; CH = collection of Christer Hansson, Lund, Sweden; CNC = Canadian National Collection of Insects, Arachnids and Nematodes, Ottawa; CAES = Connecticut Agricultural Experiment Station, New Haven, U.S.A.; GG = collection of Giselher Grabenweger; HNHM = Hungarian Natural History Museum, Budapest; LUZM = Lund University Zoological Museum, Sweden; NHMV = Natural History Museum, Vienna, Austria; PDL = Pest Diagnostic Laboratory, Plant Protection and Soil Conservation Directorate of County Vas, Hungary. Mesoscutum with raised and strong reticulation; notauli as indistinct impressions in posterior 2/3. Scutellum with raised and strong reticulation, without scutellar pits. Dorsellum slightly convex, almost flat, and smooth. Propodeum smooth and shiny; propodeal callus with three setae. Forewing speculum closed below. Petiole conical without shoulders.
Ratios. HE/MS/WM = 3.2/1.0/1.6; POL/OOL/POO = 5.7/2.3/1.0; WH/WT = 1.2; LW/LM/HW = 1.8/1.0/ 1.2; PM/ST = 0.8; MM/LG = 0.8-0.9.
MALE. Length 1.3-1.7 mm. Scape and pedicel yellowish-white; flagellum dark brown. Frons below level of toruli golden-green, above level of toruli metallic blue. Vertex golden-green. Mesoscutum and scutellum golden-green or metallic bluish-green. Propodeum metallic bluish-green. Legs white, hind coxa with base infuscate to golden-green. Wings hyaline. Gaster with first tergite with anterior 1/4 golden-green, posterior 3/4 dark brown, anteromedially with a large white spot; remaining tergites 3/4 dark brown.
Antenna as in Fig. 64 . Frons below level of toruli smooth and shiny, between level of toruli and frontal suture with strong and transverse striae, above frontal suture medially with raised and rather weak reticulation and close to eyes smooth. Vertex inside ocellar triangle with engraved and weak reticulation, outside ocellar triangle predominantly smooth. Occipital margin rounded.
Mesoscutum with raised and strong reticulation; notauli as indistinct impressions in posterior 2/3. Scutellum with raised and strong reticulation, without scutellar pits. Dorsellum slightly convex, almost flat, and smooth. Propodeum smooth and shiny; propodeal callus with three setae. Forewing speculum closed below. Petiole conical without shoulders. Etymology. Named after the host plant, Acer platanoides, of its lepidopteran host. Remarks. Askew & Ruse (1974) mention some additional material under the treatment of A. acerianus, two males and eight females from Phyllonorycter acerifoliella (Zeller) on Acer campestre. These specimens were not included in the description of A. acerianus, and hence not included in the type material, but were nevertheless regarded as conspecific with A. acerianus. This material differed from "typical" A. acerianus in having completely pale hind coxae and slightly longer funicle segments. We were not able to examine these specimens but in view of the diagnostic characters given above, it is possible that they belong to A. platanoidae, or to a new species close to A. platanoidae.
The species cited as A. acerianus in Lopez-Vaamonde et al. (2005) is actually A. platanoidae, and the gene sequences accounted for in that paper, and deposited in GeneBank, concern A. platanoidae not A. acerianus. (Figs 13-24 (Figs 53-54) , males of A. robiniae and A. robinicolus have the white anteromedian spot on gaster with posterior margin straight (spot is shaped like a pentagon or a triangle respectively) and extending over tergites 1 and 2 (Figs 56-57, 59-60), whereas males of A. gahani have posterior margin of this spot rounded (spot is oval-shaped), extending over tergites 1-3 (Figs 55, 58) . The host information is also an important diagnostic tool to separate A. robiniae and A. robinicolus from A. gahani, as accounted for below in the discussion. Achrysocharoides robiniae is very similar to A. robinicolus but differs in having hind coxae completely white in both sexes (Figs 35-36 ) (coxae completely white also in A. gahani, but base brown to metallic in both sexes of A. robinicolus, Figs 47-48), a wider male scape (Fig. 66) which is 1.8X as long as wide (holotype) (3.0X as long as wide in holotype of A. robinicolus, Fig. 68 Description. FEMALE. Length 1.0-1.4 mm. Scape white; pedicel and flagellum dark brown with metallic blue shine, pedicel with ventral side pale. Frons below level of toruli golden-green, between level of toruli up to frontal suture golden-green to goldenred, antennal scrobes golden-red, above frontal suture metallic bluish-purple. Vertex inside ocellar triangle golden-red, outside ocellar triangle golden-green with blue tinges. Mesoscutum and scutellum metallic bluishgreen. Propodeum golden-green. Legs white. Wings hyaline. Gaster with first two tergites metallic green, remaining tergites dark brown with metallic tinges.
Achrysocharoides acerianus (Askew)
Antenna as in Fig. 65 . Frons below level of toruli smooth and shiny, between level of toruli and frontal suture with raised and strong reticulation with antennal scrobes smooth, above frontal suture smooth and shiny. Vertex inside ocellar triangle with engraved and very weak reticulation, outside ocellar triangle smooth and shiny. Occipital margin with a sharp edge behind ocellar triangle.
Pronotal collar with a sharp carina. Mesoscutum with midlobe with raised and strong reticulation, sidelobes with fine and weak reticulation; notauli as smooth impressions in posterior 2/3. Scutellum smooth and shiny with rows of punctate-reticulate pits on each side. Dorsellum flat and smooth, anterolaterally with two foveae. Propodeum smooth and shiny with two submedian carinae which are more or less parallel and diverging posteriorly; propodeal callus with 3-4 setae. Forewing speculum closed below. Petiole conical without shoulders. MALE. Length 0.9-1.4 mm. Scape yellowish-white; pedicel dark brown with ventral side white; flagellum dark brown with goldengreen shine. Frons below level of toruli golden-green or golden-red, above level of toruli metallic blue. Vertex inside ocellar triangle golden-red, outside metallic blue. Mesoscutum and scutellum golden-green with blue tinges. Propodeum golden-green with red tinges. Legs white. Wings hyaline. Gaster with first tergite metallic green, anteromedially with a white spot shaped like a pentagon that extends over tergites 1 and 2; remaining tergites dark brown with metallic tinges.
Antenna as in Fig. 66 . Frons below level of toruli smooth and shiny, between level of toruli and frontal suture with strong and transverse striae, above frontal suture medially with raised and rather weak reticulation and close to eyes smooth. Vertex inside ocellar triangle with engraved and very weak reticulation, outside ocellar triangle smooth and shiny. Occipital margin with a sharp edge.
Pronotal collar with a sharp carina. Mesoscutum with midlobe with raised and strong reticulation, sidelobes with fine and weak reticulation; notauli as smooth impressions in posterior 2/3. Scutellum smooth and shiny with rows of punctate-reticulate pits on each side. Dorsellum flat and smooth, anterolaterally with two foveae. Propodeum smooth and shiny with two submedian carinae which more or less parallel and diverging posteriorly; propodeal callus with 3-4 setae. Forewing speculum closed below. Petiole conical without shoulders.
Ratios. HE/MS/WM = 2.1/1.0/1.3; POL/OOL/POO = 3.3/2.5/1.0; WH/WT = 1.3; LW/LM/HW = 1.6/1.0/ 1.0; PM/ST = 1.0; MM/LG = 1.2-1.6. Distribution. Austria, Germany, Hungary, Italy, U.S.A. Host. Phyllonorycter robiniella (Clemens) (Lepidoptera: Gracillariidae) on Robinia pseudoacacia. In three previous investigations of the parasitoids associated with P. robiniella two different species of Achrysocharoides were reported. Stojanović & Marković (2005) and Melika et al. (2006) reported A. cilla (Walker) as a parasitoid of P. robiniella, and Navone (2003) and Girardoz et al. (2007) reported A. gahani from the same host, although Navone was not adamant in his identification and left the possibility open for alternate interpretations. We examined material used in Navone (2003) and Melika et al. (2006) and this material belongs to A. robiniae. So very likely neither A. cilla, nor A. gahani are parasitoids on P. robiniella.
Material examined. Holotype male labeled "HUNGARY: Pest Co., Gödöllö, 14.viii.2003 , Balács Klára", "Robinia pseudoacacia", "ex Phyllonorycter robiniella, em. 1.ix.2003" (HNHM); 2 females with same label data as holotype (HNHM); 9 females 6 males" HUNGARY: Vas Co., Meszlen, 6.viii.2002, leg To include A. robiniae and A. robinicolus in the latest key to Nearctic Achrysocharoides (Kamijo 1991 ) the following addition should be made:
In the key to the species of the gahani-group (starts on page 27) the second alternative in couplet 2 should run to 3 instead of gahani Etymology. Named after the host plant, Robinia pseudoacacia, of its lepidopteran host.
Achrysocharoides robinicolus sp. nov. 57, 60, (67) (68) Diagnosis. Achrysocharoides robinicolus is very similar to A. robiniae but differs in having a narrower male scape (Figs 44, 68) , which is 3.0X as long as wide (holotype) Description. FEMALE. Length 1.2-1.4 mm. Scape white with apical 1/3 infuscate; pedicel and flagellum brown with weak metallic tinges. Frons below frontal suture golden-green to golden-red, antennal scrobes golden-red, above frontal suture metallic bluish-purple with metallic green tinges. Vertex inside ocellar triangle golden-red, outside ocellar triangle golden-green. Mesoscutum and scutellum metallic bluish-green. Propodeum metallic blue with green tinges. Legs white, hind coxa with base brown to metallic. Wings hyaline. Gaster with first two tergites golden-green, remaining tergites dark brown with metallic green tinges. Antenna as in Fig. 67 . Frons below level of toruli smooth and shiny, between level of toruli and frontal suture with raised and strong reticulation with antennal scrobes smooth, above frontal suture smooth and shiny. Vertex inside ocellar triangle with engraved and very weak reticulation, outside ocellar triangle smooth and shiny. Occipital margin with a sharp edge behind ocellar triangle. Falls, New York, 58. A. gahani, schematic drawing. 59. A. robiniae, schematic drawing. 60. A. robinicolus, schematic drawing Pronotal collar with a sharp carina. Mesoscutum with midlobe with raised and strong reticulation, sidelobes with fine and weak reticulation; notauli as smooth impressions in posterior 2/3. Scutellum with rows of punctate-reticulate pits on each side, remaining surfaces with very weak and engraved reticulation to smooth. Dorsellum flat and smooth, anterolaterally with two foveae. Propodeum smooth and shiny with two submedian carinae that diverge towards posterior margin of propodeum; propodeal callus with three setae. Forewing speculum closed below. Petiole conical without shoulders. Ratios. HE/MS/WM = 3.9/1.0/1.7; POL/OOL/POO = 1.4/1.0/1.0; WH/WT = 1.2; LW/LM/HW = 1.7/1.0/ 1.1; PM/ST = 1.0; MM/LG = 1.1-1.2.
MALE. Length 1.3-1.4 mm. Scape white; pedicel brown with metallic tinges and with ventral side white; flagellum dark brown with golden-green tinges. Frons below level of toruli golden-green or golden-red, above level of toruli metallic blue. Vertex inside ocellar triangle golden-red, outside ocellar triangle metallic bluish-green. Mesoscutum and scutellum metallic blue with green tinges. Propodeum metallic blue with green tinges. Legs white, hind coxae with base brown to metallic. Wings hyaline. Gaster with tergites 1, 2, 6, 7 golden-green, 3-5 dark brown with metallic tinges, anteromedially with a triangular white spot that extends over first tergite, sometimes reaching posterior margin of 2 nd tergite. Antenna as in Fig. 68 . Frons below level of toruli smooth and shiny, between level of toruli and frontal suture with strong and transverse striae, above frontal suture medially with raised and rather weak reticulation and close to eyes smooth. Vertex inside ocellar triangle with engraved and very weak reticulation, outside ocellar triangle smooth and shiny. Occipital margin with a sharp edge behind ocellar triangle.
Pronotal collar with a sharp carina. Mesoscutum with midlobe with raised and strong reticulation, sidelobes with fine and weak reticulation; notauli as smooth impressions in posterior 2/3. Scutellum with rows of punctate-reticulate pits on each side, remaining surfaces with very weak and engraved reticulation to smooth. Dorsellum flat and smooth, anterolaterally with two foveae. Propodeum smooth and shiny with two submedian carinae that diverge towards posterior margin of propodeum; propodeal callus with three setae. Forewing speculum closed below. Petiole conical without shoulders.
Ratios. HE/MS/WM = 2.5/1. Hosts. The type material of A. gahani was reared from Phyllonorycter spp. on Fagus grandifolia, Tilia americana and Quercus alba (Miller 1962) . Kamijo (1991) transferred the material from Quercus alba to A. reticulatus Yoshimoto. Apart from these records A. gahani has also been reported from Phyllonorycter sp. on Rhus toxicodendron (Kamijo 1991) , P. blancardella (Fabricius) on Malus sp. (Maier 1984) , P. crataegella (Clemens) on Prunus pensylvanica (Maier 1988) and P. propinquella (Braun) on Prunus serotina (Maier 1988) . We have examined 4 female paratypes of A. gahani from Q. alba and we agree with Kamijo that these do not belong to this species. We have also been able to examine 3 females and 7 males from P. propinquella on P. serotina and 5 females and 1 male from P. crataegella on P. pensylvanica reared by Chris T. Maier (specimens in CAES and CNC). These specimens belong to species-group clypeatus, i.e. they do not have a transverse carina on pronotum or submedian carinae on propodeum -characteristics of the gahani-group, and are hence not A. gahani. Furthermore, we have seen a single female from Phyllonorycter sp. on Rhus radicans (in CNC) identified as A. gahani by Kamijo. This female is similar to paratypes of A. gahani from Fagus and Tilia, but females of Achrysocharoides are difficult to separate and we would like to see a male from Rhus before confirming microlepidopterans on Rhus as hosts for A. gahani. We have not been able to examine any material from P. blancardella on Malus and we can not state anything regarding the validity of this record. However, in view of our findings regarding Achrysocharoides from Phyllonorycter spp. on Prunus spp. this record needs confirmation. Material examined. Type material: 10 female paratypes (2 from Fagus, 4 from Quercus, 4 from Tilia) and 2 male paratypes (1 from Fagus and 1 from Tilia) (CNC).
Discussion
The establishment of A. platanoidae, A. robiniae and A. robinicolus further emphasizes the host/host plant specificity of Achrysocharoides species described previously (e.g. Lopez-Vaamonde et al. 2005) . Achrysocharoides platanoidae and A. acerianus both have an obligate association with Phyllonorycter spp. on the plant genus Acer, A. platanoidae with P. platanoidella on A. platanoides (and possibly A. campestre -see above under remarks for A. platanoidae) and A. acerianus with P. geniculella on A. pseudoplatanus. Previously A. acerianus has been recorded also from Acer platanoides, but these records are either confirmed misidentifications (Hansson 1983 , Lopez-Vaamonde et al. 2005 , or (Bryan 1980 ) need confirmation. Achrysocharoides robiniae and A. robinicolus are both exclusively associated with P. robiniella on Robinia pseudoacacia. As potential biological control agents against P. robiniella, a serious pest on the economically important black locust tree in Europe, it is essential to supply tools for the identification of Achrysocharoides species from Robinia, which previous misidentifications clearly demonstrate. Using the information in this article: the diagnoses, the well-illustrated descriptions with biological information, and the alterations to already existing keys, it is now possible to unambiguously identify the species of Achrysocharoides parasitizing Phyllonorycter robiniella on Robinia.
